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Abstract 

Background: Pregnancy is a major life event for women and often connected with changes in diet and lifestyle 
and natural gestational weight gain. However, excessive weight gain during pregnancy may lead to postpartum 
weight retention and add to the burden of increasing obesity prevalence. Therefore, it is of interest to examine 
whether adherence to nutrient recommendations or food-based guidelines is associated with postpartum weight 
retention 6 months after birth. 

Methods: This analysis is based on data from the Norwegian Mother and Child Cohort Study (MoBa) conducted 
by the Norwegian Institute of Public Health. Diet during the first 4-5 months of pregnancy was assessed by a 
food-frequency questionnaire and maternal weight before pregnancy as well as in the postpartum period was assessed 
by questionnaires. Two Healthy Eating Index (HEI) scores were applied to measure compliance with either the official 
Norwegian food-based guidelines (HEI-NFG) or the Nordic Nutrition Recommendations (HEI-NNR) during pregnancy. 
The considered outcome, i.e. weight retention 6 months after birth, was modelled in two ways: continuously (in kg) 
and categorically (risk of substantial postpartum weight retention, i.e. > 5% gain to pre-pregnancy weight). Associations 
between the HEI-NFG and HEI-NNR score with postpartum weight retention on the continuous scale were estimated 
by linear regression models. Relationships of both HEI scores with the categorical outcome variable were evaluated 
using logistic regression. 

Results: In the continuous model without adjustment for gestational weight gain (GWG), the HEI-NFG score but not 
the HEI-NNR score was inversely related to postpartum weight retention. However, after additional adjustment for 
GWG as potential intermediate the HEI-NFG score was marginally inversely and the HEI-NNR score was inversely 
associated with postpartum weight retention. In the categorical model, both HEI scores were inversely related 
with risk of substantial postpartum weight retention, independent of adjustment for GWG. 

Conclusions: Higher adherence to either the official Norwegian food guidelines or possibly also to Nordic Nutrition 
Recommendations during pregnancy appears to be associated with lower postpartum weight retention. 
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weight retention 



^BMC 

Public Health 



* Correspondence: Anne.Lise.Brantsaeter@fhi.no 

2 Division of Environmental Medicine, Norwegian Institute of Public Health, 
Oslo, Norway 

Full list of author information is available at the end of the article 

O© 2014 von Ruesten et al.; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the 
BiolVlGCl Cental Creative Commons Attribution License (http://creativecommons.Org/licenses/by/2.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 



von Ruesten et al. BMC Public Health 2014, 14:75 
http://www.biomedcentral.com/1471-2458/14/75 



Page 2 of 12 



Background 

Pregnancy is a major life event for a woman that to- 
gether with the natural gestational weight gain (GWG) is 
often accompanied by changes in diet and lifestyle. Ex- 
cessive weight gain during pregnancy, however, is also 
found to be related not only with a higher risk of child- 
hood overweight [1] but also with increased weight re- 
tention of the mother in the postpartum period [2-4]. 
Excessive GWG may thus add to higher risks of develop- 
ing overweight or obesity in the long term, especially in 
women with high pre-pregnancy BMI [5-7]. In addition 
to a higher risk of adverse health outcomes in later preg- 
nancies [5], it is well known that obesity is a risk factor 
for developing major chronic diseases, such as type 2 
diabetes, cardiovascular diseases, or certain cancers [8]. 
Therefore, prevention of excessive GWG and substan- 
tial postpartum weight retention through diet and lifestyle 
modification during pregnancy is critical. Pregnant women 
also tend to be more receptive to advice about health 
behaviour on behalf of their unborn child's health and 
furthermore generally desire to get back into shape after 
delivery. 

Although the number of interventional trials to manage 
weight gain during [9-11] and after [10] pregnancy through 
a modification of physical activity or diet [9,11,12] is in- 
creasing, it has not yet been examined how adherence to 
specific dietary guidelines during pregnancy affects GWG 
or postpartum weight. Furthermore, there is uncertainty 
which specific components of the diet, e.g. nutrients or 
foods, might have the strongest potential to contribute to 
prevention of excessive weight gain [13]. Prospective co- 
hort studies investigating effects of specific dietary behav- 
iours during gestation on postpartum weight are generally 
very scarce. An analysis by Martins et al [14] suggests that 
increased intake of saturated fat or processed foods during 
pregnancy is associated with increased weight retention 
after delivery. A Swedish study investigating the role of 
meal patterns showed that weight retention 1 year after 
birth was higher in women with increased frequency of 
snacking or decreased frequency of lunch eating during or 
after the pregnancy [15]. Still, the role of specific dietary 
patterns, such as compliance with national dietary guide- 
lines, during pregnancy on postpartum weight develop- 
ment needs to be elucidated. 

Therefore, in the present analysis we used data from 
the Norwegian Mother and Child Cohort Study (MoBa) 
to investigate whether adherence to either the official 
Norwegian food-based guidelines issued in 2011 or the 
Nordic Nutrition Recommendations issued in 2004, which 
are nutrient-based, during pregnancy is associated with 
weight retention 6 months after birth. Furthermore, we 
studied the relationship between adherence to these 
dietary guidelines and GWG as a potential intermedi- 
ate outcome. 



Methods 

Study design and population 

The Norwegian Mother and Child Cohort Study (MoBa) 
is a large prospective population-based pregnancy cohort 
study conducted by the Norwegian Institute of Public 
Health [16]. Participants were recruited from all over 
Norway between 1999 and 2008 by postal invitation after 
they signed up for a routine ultrasound examination in 
their local hospital. In total, 40.6% of the invited women 
were willing to participate in MoBa. The cohort now 
includes 114,500 children, 95,200 mothers and 75,200 fa- 
thers. The participants were asked to provide blood sam- 
ples and to fill out questionnaires. Follow-up is conducted 
by questionnaires at regular intervals until the child is 7 
years old, and through linkage to national health registries. 

Informed consent was obtained from each MoBa par- 
ticipant upon recruitment. The study was approved by 
The Regional Committee for Medical Research Ethics in 
South-Eastern Norway. 

This study is based on version 5 of the quality-assured 
data files made available for research in 2010. We con- 
sidered women with singleton births who have partici- 
pated in MoBa with not more than one pregnancy and 
have reported their body weight at the relevant time points 
(pre-pregnancy, end of pregnancy, and 6 months postpar- 
tum). Women with missing FFQ data and an energy intake 
<4.5 MJ/day or >20 MJ/day were excluded [17]. Further- 
more, we excluded women with a gestational weight gain or 
gestational weight loss of > 50 kg, a pre-pregnancy weight of 
< 35 and > 200 kg, a height of < 1.4 m, a pregnancy dur- 
ation of < 30 weeks or > 42 weeks as well as those who 
have delivered a baby of < 600 g. 

Accordingly, 47 011 women were eligible for the present 
analyses. 

Dietary assessment 

Habitual diet during pregnancy was assessed with a 
validated semi-quantitative food-frequency questionnaire 
(FFQ), which was applied in mid-pregnancy (answered in 
week 22 of pregnancy). The MoBa-FFQ (http://www.fhi. 
no/dokumenter/253304bd64.pdf) included 340 questions 
on the frequency of intake of 255 food items, covering the 
diet during the first 4-5 months of pregnancy, and is de- 
scribed in detail elsewhere [17]. 

The FFQ has been thoroughly validated with regard to 
nutrients, foods, and energy intake within a MoBa sub- 
sample [18]. Specifically, the intake estimates derived 
from the FFQ were compared to the following reference 
measures: a 4-day weighed food diary (FD), a motion 
sensor (ActiReg®) for measuring total energy expend- 
iture, one 24-h urine collection for analysis of dietary 
biomarkers including urinary flavonoids, nitrogen and 
iodine excretion, and a venous blood specimen for ana- 
lysis of dietary biomarkers including plasma carotenoids, 
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25-hydroxy-vitamin D, and serum folate. The average 
correlation coefficient between the FFQ and FD for daily 
intake was satisfactory and was higher for foods (Spearman's 
r = 0.48) than for nutrients (Spearman s r = 0.36). Further- 
more, a cross-classification of estimated intakes from the 
FFQ and FD showed that the majority (68%) of the partici- 
pants were classified into the same or adjacent quintiles. 
Under-reporting of energy intake was more pronounced 
with the FD than with the FFQ as indicated by comparison 
to the objectively measured total energy intake. Finally, the 
FFQ was also able to distinguish between high and low in- 
takes of fruits and vegetables [19], vitamin D, folate, protein, 
and iodine as confirmed by the biological markers [18-20]. 

Diet adherence scores 
HEI-NFG score 

The degree of adherence to the official Norwegian food 
guidelines (NFG), which are published by the Norwegian 
health directorate (see Table 1), was measured by means 
of a diet adherence index, mainly based on food groups. 
The NFG incorporates quantitative recommendations on 
the following dietary components: fresh fruit, vegetables, 
whole-grain, fish, fatty fish, red meat, salt, and added sugar. 



Table 1 Overview of Norwegian food guidelines and 
Nordic Nutrition Recommendations 1 

Norwegian Food Guidelines (NFG) [21 J 1 



Food group 


Recommended intake 


Fresh fruits [22] 


Min. 300 g/day 


Vegetables [22] 


Min. 300-450 g/day 


Whole-grain 


Min. 75 g/day per 10 MJ 




(2400 kcal) = ca. 70 g/day for women 


Fish 


300-450 g/week 


Fatty fish 


Min. 200 (to max. 450) g/week 


Red meat 


Max. 500 g/week 


Processed meat 


Limit consumption 


Salt 


Max. 6 g salt/day (= 2.4 g sodium/day) 


Added sugar 


Max. 10% of total energy intake 


Nordic Nutrition Recommendation (NNR) [23,24] 2 


Macronutrient 


Recommended intake 


Total fat 


25-35 E% 


Saturated + trans fat 


Not more than 10 E% 


Monounsatu rated fat 


10-20 E% 


Polyunsaturated fat 


5-10 E% 


Fibre 


At least 25-35 g/day 


Added Sugar 


Not more than 10 E% 


Total protein 


10-20 E% 



E%: percentage of total energy intake. 

Nordic Nutrition Recommendations are relevant for all Nordic countries 
whereas the food-based recommendations just refers to Norway. 
2 5 th edition of NNR [24] was considered to include some updates (printed 
in italics). 



The corresponding food items of the FFQ were assigned to 
the respective food groups (see Additional file 1: Table SI) 
and mixed dishes were disaggregated into their ingredients 
to improve the estimation of intake of vegetables, fish, and 
red meat. The recommended intake for salt was trans- 
ferred to sodium (using the conversion factor 2.5) since in 
MoBa data sodium rather than salt intake was estimated. 
The MoBa FFQ did not ask about the use of table salt, 
therefore the estimated intake of sodium only mirrors the 
consumption of processed and convenient food. 

Inspired by the US-Healthy Eating Index [25,26], we cal- 
culated the diet adherence score, denoted as Healthy Eating 
Index (HEI)-NFG, by scoring the ratio of the reported and 
recommended intake of these food groups included into 
the NFG. Thereby, a higher compliance with each of the 
single NFG recommendations was reflected by higher score 
values and the possible score for each component ranged 
from 0 (non-consumption of the respective food group) to 
10 (perfect compliance with recommended intake). 

When evaluating adherence to specific NFG recommenda- 
tions, we further distinguished between food groups whose 
recommendations refers to (1) a minimum, (2) a range, or 
(3) a maximum of intake (see Figure 1), as described 
below, which is in line with the scoring algorithm of the 
German HEI [27]. 

(1) Food groups with a minimum of recommended 
intake (fruit, vegetables, and whole-grain) were 
scored directly from 0 to 10 according to equation 1. 



Score 



reported intake 
recommended intake 



x 10 



(1) 



If intake exceeded the minimum recommended 
intake for fruits, vegetables, and whole-grain 
products, a maximum score of 10 was assigned. 
(2) For food groups with a recommended intake range, 
both an intake below the lower recommended level 
as well as above the upper recommended level was 
evaluated by proportional score deduction. For 
intakes below the recommended lower intake level, 
equation 1 was used whereas equation 2 was 
applied for intakes above the upper recommended 
intake level. 



Score 



recommended intake 
reported intake 



x 10 



(2) 



The only food groups with a recommended range 
of intake were fish/seafood and fatty fish. Since 
Tatty fish' was part of the variable 'fish/seafood' we 
divided each individual score by a factor 2 to avoid 
overestimation of fish in the total score. The 
maximum score for fish/seafood or fatty fish was 
therefore given by 5 instead of 10. 
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Recommended intake 


HEI-NFG score 


Maximum 


HEI-NNR score 


Maximum 






score 




score 


Minimum (A) 


Fresh fruits 


10 


Fibre 


10 




Vegetables 


10 








Whole-grain products 


10 






Range (B) 


Fish / seafood 


5 


MUFA 


5 




Fatty fish 


5 


PUFA 


5 








Total fat 


5 








Total protein 


10 


Maximum (C) 


Red meat 


10 


SFA / TFA 


5 




Sodium 


10 


Added sugar 


10 




Sugar 


10 
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Figure 1 Illustration of scoring algorithms of the HEI-NFG and HEI-NNR. Abbreviations: HEI-NFG Healthy Eating Index based on Norwegian 
Food Guidelines, HEI-NNR Healthy Eating Index based on Nordic Nutrition Recommendations, rec recommended, MUFA Monounsaturated Fat, 
PUFA Polyunsaturated Fat, SFA^FA Saturated Fat and Trans Fat. 



(3) Red meat, sodium,a and sugar are foods that should be 
consumed in limited amounts, i.e. the recommended 
intake refers to a maximum amount. Therefore, an 
intake below the recommendations was evaluated with 
a maximum score of 10 whereas overconsumption of 
such foods or nutrients was penalized by proportional 
score deduction according to equation 2. This also 
helps to consider the fact that overconsumption of 
such food items might easily lead to a positive energy 
balance and subsequent weight gain. 

Finally, all component scores were summed to obtain 
a total score with a possible range from 0 to 70. 

HEI-NNR score 

Compliance with the Nordic Nutrition Recommendations 
(NNR) (see Table 1) was measured by means of a diet ad- 
herence index that is solely based on (macro-) nutrients, 
denoted as Healthy Eating Index (HEI)-NNR. Specifically, 



intake of the following macronutrients was considered: 
saturated and trans fatty acids (SFA + TFA), monounsatu- 
rated fatty acids (MUFA), polyunsaturated fatty acids 
(PUFA), total fat, added sugar, fibre, and total protein. 

The HEI-NNR score was calculated based on the ratio of 
measured and recommended intake of the selected nutrients 
using an analogous scoring algorithm as for the HEI-NFG. 
That means that nutrients with a minimum of recommended 
intake (fibre), range of recommended intake (MUFA, PUFA, 
total fat, and total protein), or maximum values of recom- 
mended intake (SFA + TFA, added sugar) were calculated dif- 
ferently (see Figure 1). The possible score could range 
between 0 and 10 for added sugar, fibre, and total protein. Due 
to the large correlation between total fat and fat components, 
the scores given in equation 1 + 2 were multiplied by 0.5 in 
order to avoid an undue dominance of fat components in the 
total HEI-NNR score. Hence, for SFA + TFA, MUFA, PUFA, 
and total fat a maximum score of 5 was applied. Conse- 
quently, the total score could range between 0 and 50. 
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First, fibre represents a nutrient with a minimum of rec- 
ommended intake. Therefore, an increasing intake was 
evaluated with a proportionally increasing score from 0 to 
10 according equation 1. Intakes above the recommended 
minimum level were hence scored with the maximum 
score of 10. 

Second, MUFA, PUFA, total fat as well as total protein 
are nutrients with a range of recommended intake, in 
which equation 1 was applied to score intakes below the 
recommendations whereas for intakes above the recom- 
mended range equation 2 was implemented. Intakes within 
the recommended range were evaluated with the respect- 
ive maximum score, i.e. 5 for MUFA, PUFA, and total fat, 
respectively, and 10 for total protein. 

Finally, SFA + TFA and added sugar represent nutri- 
ents that should be consumed in limited amounts. Con- 
sequently, intake below the recommended maximum 
were scored with the maximum of 5 (for SFA + TFA) or 
10 points (for added sugar) while an excess of the rec- 
ommended intake was penalised with proportional score 
deduction based on equation 2. 

Assessment of postpartum weight retention 

Maternal weight development was assessed based on self- 
reports in questionnaires. Women were asked for their 
pre-pregnancy weight and height at study recruitment 
(week 15 of pregnancy). Total weight gain during preg- 
nancy and postpartum weight of the women was assessed 
by a questionnaire that was administered 6 months after 
birth. 

Postpartum weight retention was calculated as the dif- 
ference of weight before and 6 months after pregnancy. 

Statistical analyses 

The adherence to the Norwegian food-based guidelines 
(NFG) and Nordic Nutrition Recommendations (NNR) 
during pregnancy was measured by diet adherence in- 
dexes, namely the Healthy Eating Index (HEI)-NFG and 
the HEI-NNR. 

The outcome variables were either weight retention 6 
months after birth (difference between post- and pre- 
pregnancy weight in kg) or a binary variable describing 
risk of substantial postpartum weight retention (relative 
weight increase 6 months postpartum compared to pre- 
pregnancy weight > 5% versus less). We used multiple 
linear and logistic regression analyses to examine the asso- 
ciation between the continuous and the dichotomized out- 
come variable and each of the two HEI scores, respectively. 
The result was given in terms of the beta coefficient in 
units of kg per standard deviation (SD) of HEI-score (linear 
regression) or as odds ratio of substantial weight retention 
per SD of HEI-score (logistic regression). 

All regression models were adjusted for the following 
covariates: maternal age (in years), maternal education 



(< 12 years, 12 years, 13-16 years, > 17 years), household in- 
come (both incomes < 300,000 NOK, one income > 300,000 
NOK, both incomes > 300,000 NOK), marital status (single 
or widow, married, cohabitants), pre-pregnancy BMI 
(in kg/m 2 ), parity (primiparous, 1 previous pregnancy, 
2 previous pregnancies, > 3 previous pregnancies), weight 
of the child at birth (in grams), breastfeeding duration up 
to 6 months postpartum (in months), total energy intake 
estimated from the FFQ (in kcal/day), exercise during 
pregnancy (assessed in week 15: none, less than weekly, 
1-2 times weekly, > 3 times weekly), smoking during preg- 
nancy (never, occasional, daily), and alcohol intake during 
pregnancy (assessed in week 22: never, < 0.5 times per 
week, > 0.5 times per week). 

Furthermore, we run a second model that was add- 
itionally adjusted for GWG (difference between weight 
before delivery and pre-pregnancy weight) as potential 
intermediate variable. 

Differences between the HEI scores across categories 
of these covariates (e.g. age, education, etc.; see Table 2) 
were examined using Analysis of Variance for normally 
and Kruskal Wallis-Test for not-normally distributed 
variables. 

The considered covariates were selected based on a 
priori knowledge and their observed association with the 
exposure and the outcome. Information on the covari- 
ates was obtained from questionnaires administered dur- 
ing pregnancy and after birth. 

In a second set of analyses, we investigated the influence 
of the HEI-scores and covariates (except breastfeeding) on 
GWG as an intermediate outcome variable, either as con- 
tinuous variable or dichotomized into excessive GWG 
(yes/no). Excessive GWG was defined depending on the 
pre-pregnancy BMI based on the updated IOM criteria 
[28], i.e. > 18 kg for BMI < 18.5 kg/m 2 , > 16 kg for BMI of 
18.5-24.9 kg/m 2 , > 11.5 kg for BMI of 25-29.9 kg/m 2 , 
or > 9 kg for BMI > 30 kg/m 2 , respectively. 

Moreover, the impact of individual HEI-NFG and 
HEI-NNR components (per 1 -point increment, each), 
on postpartum weight retention and GWG was stud- 
ied using analogous linear regression models. 

All analyses were performed with SAS software, ver- 
sion 9.3 (SAS Institute Inc., Cary, NC, USA). 

Results 

Women in the present MoBa sample had an average age 
of 30.0 ± 4.6 years at baseline and a mean pre-pregnancy 
BMI of 24.0 ± 4.2 kg/m 2 . The participants gained on aver- 
age 15.0 ± 6.0 kg during pregnancy and their mean weight 
retention 6 months after birth amounted to 1.2 ± 4.8 kg 
(data not tabulated). 

The majority of women were rather highly educated 
(13+ years) and primiparous. Nearly 60% were physically 
active during the pregnancy on at least a weekly basis. 
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Table 2 General characteristics of the MoBa sample (n = 47 011) 



Variable 


Categories 


N 


% 


HEI-NFG score 1 


HEI-NNR score 1 


Maternal age at delivery 


< 19 years 


394 


0.8 


46.6 


(7.7) 


45.1 


(3.2) 




20-24 years 


4 884 


10.4 


47.4 


(7.7) 


45.7 


(3.0) 




25-29 years 


16 282 


34.6 


49.4 


(7.3) 


46.3 


(2.6) 




30-34 years 


17 679 


37.6 


50.4 


(7.2) 


46.6 


(2.4) 




35-39 years 


6 846 


14.6 


51.0 


(7.1) 


46.9 


(2.2) 




> 40 years 


926 


2.0 


52.0 


(7.1) 


46.9 


(2.2) 


Pre-pregnancy BMI 


< 18.5 kg/m 2 


1 346 


2.9 


49.6 


(7.6) 


45.9 


(2.7) 




18.5-24.9 kg/m 2 


31 012 


66.0 


50.2 


(7.2) 


46.4 


(2.5) 




25-29.9 kg/m 2 


10 316 


21.9 


49.2 


(7.4) 


46.3 


(2.6) 




30-34.9 kg/m 2 


3 195 


6.8 


48.7 


(7.4) 


46.3 


(2.7) 




> 35 kg/m 2 


1 142 


2.4 


48.6 


(7.4) 


46.2 


(2.8) 


Gestational weight gain 


< 10 kg 


7 253 


15.4 


49.5 


(7.5) 


46.1 


(2.8) 




10-15 kg 


19 655 


41.8 


50.1 


(7.2) 


46.5 


(2.5) 




16-19 kg 


10 692 


22.7 


49.9 


(7.2) 


46.5 


(2.5) 




>20 kg 


9 411 


20.0 


49.3 


(7.4) 


46.5 


(2.5) 


Maternal education 


< 12 years 


2 766 


5.9 


47.7 


(7.9) 


45.6 


(3.1) 




12 years 


11 488 


24.4 


48.4 


(7.5) 


45.9 


(2.8) 




13-16 years 


20 220 


43.0 


50.0 


(7.1) 


46.5 


(2.4) 




17+ years 


11 570 


24.6 


51.5 


(6.9) 


46.8 


(2.2) 




Other/missing 


967 


2.1 


49.4 


(7.1) 


46.1 


(2.7) 


Household income 


Both incomes < 300 000 NOK 


13 651 


29.0 


48.9 


(7.4) 


46.1 


(2.7) 




One income > 300 000 NOK 


19 709 


41.9 


49.8 


(7.3) 


46.4 


(2.5) 




Both incomes > 300 000 NOK 


12 476 


26.5 


50.9 


(7.0) 


46.7 


(2.3) 




Missing data 


1 175 


2.5 


49.4 


(7.7) 


46.0 


(2.8) 


Marital status 


Married 


21 675 


46.1 


50.4 


(7.2) 


46.6 


(2.4) 




Single, widow 


1 003 


2.1 


48.9 


(7.9) 


45.7 


(3.1) 




Cohabitants 


23 644 


50.3 


49.3 


(7.4) 


46.2 


(2.6) 




Other or not known 


689 


1.5 


49.6 


(7.6) 


45.9 


(2.9) 


Parity 


Primiparous 


25 797 


54.9 


49.7 


(7.4) 


46.3 


(2.6) 




1 previous pregnancy 


13 783 


29.3 


49.7 


(7.3) 


46.4 


(2.5) 




2 previous pregnancies 


6 020 


12.8 


50.5 


(7.1) 


46.6 


(2.4) 




> 3 previous pregnancies 


1 375 


2.9 


50.6 


(7.4) 


46.6 


(2.4) 




Missing data 


36 


0.1 


50.6 


(8.2) 


46.7 


(2.3) 


Birth weight 


< 2 500 g 


1 204 


2.6 


48.8 


(7.6) 


46.1 


(2.7) 




> 2 500 g 


45 807 


97.4 


49.8 


(7.3) 


46.4 


(2.5) 


Breastfeeding duration (up to 6 months postpartum) 


None or < 1 month 


1 519 


3.2 


48.0 


(7.7) 


45.9 


(2.8) 




1 -3 months 


4 273 


9.1 


48.0 


(7.6) 


45.8 


(2.9) 




4-5 months 


2 600 


5.5 


48.8 


(7.6) 


46.0 


(2.8) 




6 months 


38 619 


82.2 


50.2 


(7.2) 


46.5 


(2.4) 


Exercise during pregnancy (week 17) 


No 


6 486 


13.8 


47.3 


(7.5) 


45.7 


(3.0) 




Less than weekly 


9 346 


19.9 


48.7 


(7.0) 


46.2 


(2.6) 




1-2 times weekly 


14 109 


30.0 


50.2 


(7.1) 


46.5 


(2.4) 




> 3 times weekly 


13 590 


28.9 


51.6 


(7.1) 


46.8 


(2.3) 




Missing data 


3 480 


7.4 


48.9 


(7.6) 


46.1 


(2.7) 
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Table 2 General characteristics of the MoBa sample (n = 47 011) (Continued) 



Smoking during pregnancy 



Alcohol during pregnancy (week 22) 



No smoking during pregnancy 


43 041 


91.6 


50.0 (7.2) 


46.5 (2.5) 


Occasional 


1 247 


2.7 


48.4 (7.8) 


45.8 (2.8) 


Daily 


2 420 


5.2 


46.4 (7.8) 


45.2 (3.2) 


Missing 


303 


0.6 


49.6 (7.7) 


46.1 (3.0) 


Never 


41 503 


88.3 


49.7 (7.3) 


46.4 (2.6) 


< 0.5 times per week 


4 588 


9.8 


50.5 (7.1) 


46.5 (2.4) 


> 0.5 times per week 


920 


2.0 


50.4 (7.1) 


46.4 (2.5) 



Mean value (standard deviation). 

As expected, the proportion of women who reported 
regular smoking or alcohol consumption during their preg- 
nancy was very small (see Table 2). The mean HEI-NFG 
score amounted to 49.8 ± 73 and the mean HEI-NNR score 
was 46.4 ± 2.5. Both HEI scores increased slightly with 
increasing age, socio-economic status, exercise fre- 
quency, and breastfeeding duration, whereas the HEI scores 
tended to decrease with increasing pre-pregnancy BMI, 
GWG, and smoking frequency (Table 2). All HEI score 
differences across categories were statistically significant 
(p value < 0.0001), except for the HEI-NNR score across 
categories of alcohol intake. 

Concerning intake of food groups considered in the 
NFG, the participants showed good adherence to the 
recommendations for whole-grain, red meat and added 
sugar intake, whereas the adherence to recommended 



vegetable and fatty fish intake was low (see Table 3, 
upper part). Interestingly, concerning nutrient intake, 
there was a high proportion of women showing compli- 
ance with the recommendations for nearly all macronu- 
trients, except of saturated fat (Table 3, lower part). 

A higher HEI-NFG score (reflecting higher overall ad- 
herence to the NFG) was inversely associated with weight 
retention 6 months after birth. In contrast, a higher HEI- 
NNR score, which quantifies increasing compliance with 
the NNR, was not related to weight retention 6 months 
after birth (see Table 4). However, after additional adjust- 
ment for GWG as a potential intermediate, the association 
of the HEI-NFG score with postpartum weight retention 
was attenuated towards a marginal inverse relationship. 
On the contrary, the association of the HEI-NNR score 
with postpartum weight retention became inverse upon 



Table 3 Dietary intake and adherence to Nordic dietary guidelines (adherence scores and % of adherence) 



Food groups/Macronutrients 


Mean (STD) 


Adherence score: Mean (STD) 


% of women adhering to recommendations 


Food groups 




HEI-NFG 




Fresh fruits (g/day) 


263.7 (191.7) 


6.9 (3.0) 


32.9 


Vegetables (g/day) 


151.6 (90.0) 


4.9 (2.5) 


6.5 


Whole-grain (g/day) 


116.7 (97.3) 


7.4 (3.7) 


61.1 


Fish and seafood (g/week) 


259.0 (157.9) 


3.5 (1.4)t 


22.8 


Fatty fish (g/week) 


75.2 (92.3) 


1.6 (1.5)t 


6.7 


Red meat (g/week) 


527.5 (195.6) 


8.8 (1.5) 


44.7 


Sodium (g/day) 


3.1 (0.8) 


8.0 (1.5) 


19.4 


Added sugar (E%) 


10.7 (5.0) 


8.7 (1.8) 


50.9 


Macron utrients 




HEI-NNR 




Total fat (E%) 


31.1 (4.5) 


4.9 (0.2) + 


72.5 


Saturated + trans fat (E%) 


12.9 (2.2) 


4.0 (0.6) + 


8.2 


Monounsatu rated fat (E%) 


10.0 (1.8) 


4.6 (0.5) + 


47.1 


Polyunsaturated fat (E%) 


5.9 (1.6) 


4.8 (0.4) + 


65.4 


Fibre (g/day) 


30.8 (10.4) 


9.4 (1.2) 


69.6 


Added sugar (E%) 


10.7 (5.0) 


8.7 (1.8) 


50.9 


Total protein (E%) 


15.3 (2.1) 


10.0 (0.1) 


97.7 


Total energy intake (kcal/day) 


2306.7 (606.8) 







Abbreviations: E% percentage of total energy intake, HEI Healthy Eating Index, NFG Norwegian Food Guidelines, NNR Nordic Nutrition Recommendations, STD 
Standard Deviation. 

+ Maximum score was 5 whereas for the rest of the components the maximum score was 10. 



von Ruesten et al. BMC Public Health 2014, 14:75 
http://www.biomedcentral.com/1471-2458/14/75 



Page 8 of 12 



Table 4 Adherence to Norwegian food guidelines or NNR (measured by the HEI) and postpartum weight retention 



P-coefficient 1 



SE 



p value 



Adjusted R 2 of the model 



Postpartum weight retention 2 

HEI-NFG per standard deviation -0.058 0.024 0.017 

HEI-NNR per standard deviation 0.014 0.024 0.570 
Postpartum weight retention 2 , additionally adjusted for gestational weight gain (GWG) 

HEI-NFG per standard deviation -0.034 0.020 0.094 

HEI-NNR per standard deviation -0.074 0.020 0.0003 
GWG as intermediate outcome 3 

HEI-NFG per standard deviation -0.062 0.029 0.033 

HEI-NNR per standard deviation 0.196 0.029 < 0.0001 



0.058 
0.058 

0.314 
0.315 

0.115 
0.116 



Abbreviations: HEI Healthy Eating Index, NFG Norwegian Food Guidelines, NNR Nordic Nutrition Recommendations, SE Standard Error. 
1 Units = kg per HEI-score standard deviation (=7.31 for HEI-NFG, 2.54 for HEI-NNR). 

2 Linear regression model, adjusted for maternal age, maternal education, household income, marital status, pre-pregnancy BMI, parity, weight of the child at birth, 
breastfeeding duration up to 6 months postpartum, total energy intake (kcal), exercise during pregnancy (week 15), smoking during pregnancy, alcohol intake 
during pregnancy (week 22). 

3 Analogous model but without adjustment for breastfeeding duration. 



adjustment for GWG. These inverse associations of the 
HEI-NFG and HEI-NNR with weight retention after birth 
were independent of total energy intake. 

When studying the role of GWG as an intermediate 
outcome, it turned out that the HEI-NFG score was in- 
versely associated with GWG while the HEI-NNR score 
was rather strongly directly related with GWG (Table 4). 
In a sensitivity analysis where excessive GWG was studied 
as the outcome, the same direction of associations of the 
HEI-NFG and HEI-NNR was observed (data not shown). 

Table 5 represents the analyses of single HEI-NFG or 
HEI-NNR components, being mutually adjusted, respect- 
ively, in relation to weight retention 6 months after birth 
or GWG (both modelled as continuous variables). Among 
the single HEI-NFG score components only higher intake 
of fish was associated with less postpartum weight reten- 
tion, which was also observed when adjusted for GWG. 

Concerning individual HEI-NNR components, a lower 
intake of saturated and trans fat (SFA + TFA) was signifi- 
cantly associated with reduced postpartum weight reten- 
tion. After additional adjustment for GWG, however, no 
association remained indicating that the initial observed 
association of a lower SFA + TFA intake with reduced 
postpartum weight retention is explained by its associ- 
ation with reduced GWG. 

Instead, after additional adjustment for GWG, a higher 
adherence to recommended fat intake and a lower intake 
of added sugar appeared to be associated with decreased 
postpartum weight retention, as a consequence of their posi- 
tive association with GWG. On the other hand, a higher 
adherence to recommended intake of monounsaturated 
fatty acids (MUFA) was directly associated with postpar- 
tum weight after additional adjustment for GWG, while it 
was inversely related to GWG as outcome variable. These 
results, however, should be interpreted with some caution 
as adjusting for a mediator variable is critical, particularly 



if the association of the exposure with the outcome (post- 
partum weight retention) point in a different direction 
than its association with the intermediate (GWG). 

Finally, we investigated the role of adhering to either the 
NFG or the NNR for preventing substantial weight reten- 
tion 6 months after birth, which was defined on the relative 
scale (i.e. > 5% of weight gain compared to pre-pregnancy 
weight). According to this definition, 28% of the cohort 
had experienced substantial postpartum weight reten- 
tion. The associations of the corresponding diet adherence 
scores, namely the HEI-NFG and HEI-NNR, with substan- 
tial postpartum weight retention are illustrated in Figure 2. 
Both the HEI-NFG and the HEI-NNR were inversely re- 
lated to risk of substantial weight retention 6 months after 
birth (Odds Ratio (OR) and 95% Confidence Intervals (CI) 
per 1 STD-increment: 0.96 (0.94-0.99) for the HEI-NFG 
and 0.98 (0.95-1.00) for the HEI-NNR). Also after add- 
itional adjustment for GWG, these inverse associations 
were stable. 

Discussion 

In this analysis using the unique MoBa data, adherence to 
official Norwegian food guidelines (as measured by the 
HEI-NFG) was associated with reduced weight retention 6 
months after birth. After inclusion of GWG as potential 
mediator into the linear regression models, the inverse as- 
sociation of the HEI-NFG was slightly weakened. This in- 
dicates that this association can be partly explained by the 
inverse association between HEI-NFG and GWG. In 
contrast, we found that a higher compliance with the 
HEI-NNR was associated with a higher GWG, while it 
was not predicting postpartum weight retention as con- 
tinuous variable. When adjusting for GWG, a strong in- 
verse relationship between HEI-NFG and postpartum 
weight retention was seen. These divergences concerning 
the observed associations of the HEI-NFG and HEI-NNR 
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Table 5 Association of single HEI component scores with postpartum weight retention and gestational weight gain 
(GWG) 



Score Higher score reflects Postpartum Postpartum weight retention 1 , GWG as intermediate 

component weight retention 1 + adjustment for GWG outcome 2 







P 


SE 


p value 


P 


SE 


p value 


P 


SE 


p value 


HEI-NFG 






















Fresh fruits 


Higher intake 


0.0003 


0.009 


0.969 


0.003 


0.008 


0.71 8 


-0.007 


0.01 1 


0.486 


Vegetables 


Higher intake 


0.004 


0.01 1 


0.71 1 


-0.001 


0.009 


0.91 3 


0.01 0 


0.01 3 


0.41 8 


Whole-grain 


Higher intake 


-0.006 


0.006 


0.340 


-0.001 


0.005 


0.796 


-0.01 1 


0.008 


0.147 


r; r u 

hisn 


Higher adherence to recommendations 4 


-0.067 


0.020 


0.001 


-0.051 


0.01 7 


0.003 


-0.039 


0.024 


0.1 09 


Fatty fish 


Higher adherence to recommendations 4 


-0.002 


0.01 8 


0.91 3 


0.01 9 


0.01 5 


0.209 


-0.049 


0.022 


0.024 


Red meat 


Lower intake 


-0.029 


0.01 8 


0.1 04 


-0.01 3 


0.01 5 


0.402 


-0.039 


0.022 


0.074 


Sodium 


Lower intake 


-0.025 


0.030 


0.409 


0.044 


0.026 


0.091 


-0.160 


0.037 


< 0.0001 


Added sugar 


Lower intake 


0.022 


0.016 


0.172 


-0.018 


0.014 


0.207 


0.091 


0.020 


< 0.0001 


HEI-NNR 






















Total fat 


Higher adherence to recommendations 4 


-0.015 


0.110 


0.890 


-0.196 


0.094 


0.038 


0.410 


0.134 


0.002 


SFA + TFA 


Lower intake 


-0.1 1 1 


0.053 


0.034 


0.019 


0.045 


0.670 


-0.303 


0.064 


< 0.0001 


MUFA 


Higher adherence to recommendations 4 


0.056 


0.069 


0.417 


0.138 


0.059 


0.020 


-0.197 


0.084 


0.019 


PUFA 


Higher adherence to recommendations 4 


0.017 


0.063 


0.788 


-0.066 


0.053 


0.218 


0.201 


0.076 


0.008 


Fibre 


Higher intake 


-0.009 


0.025 


0.708 


-0.037 


0.021 


0.083 


0.058 


0.030 


0.053 


Added sugar 


Lower intake 


0.020 


0.015 


0.170 


-0.025 


0.013 


0.044 


0.104 


0.018 


< 0.0001 


Total protein 


Higher adherence to recommendations 4 


-0.112 


0.202 


0.578 


-0.045 


0.172 


0.794 


-0.168 


0.244 


0.491 



Abbreviations: HEI Healthy Eating Index, MUFA Monounsaturated Fat, NFG Norwegian Food Guidelines, NNR Nordic Nutrition Recommendations, PUFA 
Polyunsaturated Fat, SE Standard Error, SFA + TFA Saturated and Trans Fat. 

1 Score components were mutually adjusted within a linear regression model, that was further adjusted for maternal age, maternal education, household 
income, marital status, pre-pregnancy BMI, parity, weight of the child at birth, breastfeeding duration up to 6 months postpartum, total energy intake, exercise 
during pregnancy (week 15), smoking during pregnancy, alcohol intake during pregnancy (week 22). 
2 Analogous model but without adjustment for breastfeeding duration. 

3 p-coefficient denotes change in weight retention at 6 months postpartum (in kg) per 1 -point-increment of each HEI component score. 
''Too low as well as too high intake results in a deduction of points. 



particularly with GWG can be explained by the fact that 
the respective underlying dietary recommendations meas- 
ure different constructs. This is also reflected by the rather 
low correlation between the HEI-NFG and HEI-NNR 
(Spearman's r: 0.41). In addition, the HEI-NFG compo- 
nents are generally independent of each other whereas 
some HEI-NNR components (particularly total fat and fat 
components) are highly correlated, which makes the 
HEI-NNR more difficult to interpret. Nevertheless, 
the associations of the HEI-NFG and HEI-NNR were 
in the same direction, i.e. inverse, when studying risk of 
substantial postpartum weight retention as the outcome 
variable, independent of adjustment for GWG (Figure 2). 
Notably, these inverse associations of the HEI-NFG and 
HEI-NNR with weight retention after birth appeared to 
be independent of total energy intake, implying that 
not only total diet quantity but also diet quality plays a 
role for weight management. There are also some previ- 
ous studies that suggested a protective role of adhering to 
specific dietary guidelines for subsequent weight gain, 
independent of total caloric intake, in white adult co- 
hort populations [29-31]. However, we are not aware of 



comparable studies being conducted within the specific 
population group of pregnant women. 

Surprisingly, only a few of the individual components 
of the NFG and NNR were significantly related to re- 
duced postpartum weigh retention in the mutually ad- 
justed model, namely fish and seafood within the NFG, 
and saturated + trans fat in case of the NNR (model with- 
out adjustment for GWG). This can be explained by the 
fact that the components were mutually adjusted for each 
diet score, indicating that a dietary pattern as a whole has 
different health effects than single dietary components. For 
instance, we could observe that a lower red meat intake 
was inversely related to postpartum weight if entered indi- 
vidually to the model (data not shown). This phenomenon, 
however, might be explained by a simultaneous increase in 
intake of other food groups, like fish for instance, as this 
association was reduced after mutual adjustment for other 
relevant food groups. 

A direct comparison of our results with that from previ- 
ous research is difficult since the majority of such studies 
had different research questions, e.g. focussing only on the 
effect of selected dietary components during pregnancy 
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Odds Ratio and 95% CI 



HEI-NFG - model 1 
HEI-NFG - model 2 
HEI-NNR - model 1 
HEI-NNR - model 2 



OR LCL UCL 

0.964 0.942 0.987 

0.970 0.945 0.995 

0.977 0.954 0.999 

0.943 0.919 0.967 



I 1 1 1 1 1 1 

0.8 0.85 0.9 0.95 1 1.05 1.1 



reduced risk 



increased risk 



Figure 2 Adherence to Norwegian food guidelines or NNR and risk of substantial postpartum weight retention. Abbreviations: CI 
Confidence Interval, HEI Healthy Eating Index, LCL Lower Confidence Limit, NFG Norwegian Food Guidelines, NNR Nordic Nutrition 
Recommendations, OR Odds ratio, UCL Upper Confidence Limit. Substantial postpartum weight retention is defined as having gained at least 5% 
to the pre-pregnancy weight. Odds ratios of having substantial postpartum weight retention are modelled per standard deviation-increment of 
each HEI score. Logistic regression model 7: adjusted for maternal age, maternal education, household income, marital status, pre-pregnancy 
BMI, parity, weight of the child at birth, breastfeeding duration up to 6 months postpartum, total energy intake, exercise, smoking, and alcohol 
intake during pregnancy. Logistic regression model 2. additionally adjusted for gestational weight gain. 



on maternal weight development after pregnancy instead 
of studying dietary patterns. Martins et al [14], for in- 
stance, found that an increased intake of saturated fat or 
processed foods during pregnancy was connected to an 
increment in postpartum weight retention. However, this 
analysis considered only a few covariates. In fact, these 
associations were mainly explained by an increased total 
energy intake, as the observed effect of saturated fat and 
processed foods was eliminated after further adjustment 
for energy intake. Other studies only considered the post- 
partum period, thereby disregarding the effect of diet 
during pregnancy. Such studies found that an increased 
intake of trans fat [32] or junk food (i.e. sweetened bever- 
ages, French fries and chips, fast food) [33] after birth is 
associated with increased postpartum weight retention. In 
addition, there is one recent longitudinal study showing 
that diet quality postpartum, assessed by the adherence to 
either a Mediterranean style diet or the Dietary guidelines 
for Americans, was not associated with postpartum weight 
retention [34]. In contrast, Stendell-Hollis et al. found 
in an interventional trial that adherence to either a 
Mediterranean style diet or the US Department of 
Agriculture (USDA) My Pyramid diet supported the 
promotion of postpartum weight loss [35] but this study 
only covers the lactation period. Hence, it is not clear 
whether this is transferable to the effect of diet during 
pregnancy on postpartum weight. 

Major strengths of the present study include the pro- 
spective cohort design and the large sample size, which 
ensures large variation in dietary habits. In addition, the 



use of diet adherence scores, namely the HEI-NFG and 
HEI-NNR, enabled us to capture the overall compliance to 
official Norwegian food-based guidelines or the nutrient- 
based Nordic Nutrition Recommendations, respectively. 
Thus, these dietary adherence scores are able to re- 
flect complex dietary patterns instead of just single aspects 
of the diet. 

Despite the high number of participants, the MoBa sam- 
ple is not truly representative of all pregnant Norwegian 
women since only 40.6% of those pregnant women who 
are invited to this study agreed to participate. A compari- 
son with non-participating pregnant Norwegian women 
showed that participating women comprise less young 
mothers (<25 years) and less women living alone as well 
as less women with two or more previous pregnancies 
[36]. Nevertheless, a study of potential self-selection bias 
showed that despite a different prevalence of exposures 
and outcomes compared to the total population of preg- 
nant women, no statistically relevant differences re- 
garding eight selected exposure-outcome associations 
were found [36]. 

A further study limitation is the lack of data on mater- 
nal diet in the postpartum period. Still, we have data on 
important lifestyle variables (namely smoking, alcohol 
intake, and physical activity) from the postpartum period 
and further adjustment for postpartum lifestyle factors 
did not markedly affect our observed associations. Con- 
cerning maternal diet, we assume that some aspects of 
eating during pregnancy are likely to continue during 
the postpartum period, as also reported in the literature 
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[37], and that both pre- and postpartum diets are con- 
tributing factors to postpartum weight retention. 

A further issue of concern is that the considered post- 
partum period of 6 months may be a too short period to 
explore weight retention since 82.2% of women declared 
breastfeeding up to 6 months postpartum. Therefore, a 
subgroup analysis among women with breastfeeding dur- 
ation < 6 months postpartum was conducted. In doing so, 
it turned out that the observed association between in- 
creased adherence to Norwegian food guidelines and de- 
creased postpartum weight retention was still evident and 
even strengthened. Conversely, the relationship between 
compliance to Nordic Nutrition Recommendations and 
postpartum weight retention was weakened (data not 
shown), which can be explained by the smaller variability 
of the HEI-NNR compared to the HEI-NFG score. 

In addition, the assessment of the diet using FFQs 
bears the risk that either conscious or unconscious mis- 
reporting errors occur. It has been shown that the intake 
of foods which are perceived as "unhealthy" tends to be 
under-reported in women with higher BMI [38]. An- 
other challenge is that it is particularly difficult for the 
participants to assess correct intakes of foods in early 
pregnancy when many women are suffering from nausea 
or experiencing changes in appetite and eating patterns. 
However, the MoBa FFQ was developed especially for 
the use in pregnancy and a previous study comparing its 
estimates with those from a 4-day food diary as well as bio- 
logical markers showed satisfactory results concerning 
its validity [18]. Finally, also body weight was assessed 
based on self-reports and is therefore vulnerable to reporting 
error, which has been described in detail previously [39]. 

Conclusion 

To our knowledge, this is the first study to examine 
whether adherence to dietary guidelines during pregnancy 
is associated with postpartum weight retention. We found 
that even after adjustment for several potential con- 
founders, a higher adherence to the official Norwegian food 
guidelines was related to reduced weight retention 6 
months after birth in all models. The Nordic Nutrition 
Recommendations, however, are not associated with post- 
partum weight retention as continuous outcome but in- 
versely associated with the categorical outcome (risk of 
substantial postpartum weight retention). Although these 
associations appeared to be small in magnitude, they were 
statistically significant, suggesting a role of complying with 
official national dietary recommendations for preventing 
postpartum weight retention, thereby reducing the risk of 
adverse future weight development in pregnant women. 
Thus, promoting knowledge on national dietary guide- 
lines among pregnant women may help not only to en- 
sure an adequate nutrient supply for the mother and the 
unborn child, but also to contribute to prevention of 



undesirable maternal weight development. From our data, 
adherence to food-based dietary guidelines appears to 
have a more important role for prevention of postpartum 
weight retention compared with nutrient-based dietary 
recommendations. 

However, there is still a need for more prospective co- 
hort studies addressing this research topic, with further 
consideration of postpartum changes in diet, and/or inter- 
ventional trials that investigate effects of specific dietary 
patterns during pregnancy on maternal weight develop- 
ment during and after pregnancy. This may help to poten- 
tially confirm the role of national dietary guidelines with 
regard to successful weight management in the critical 
time window of pregnancy and the postpartum period. 

Additional file 



Additional file 1: Table SI. Definition of food groups considered 
within the Norwegian Food Guidelines. 



Abbreviations 

BMI: Body mass index; FFQ: Food frequency questionnaire; GWG: Gestational 
weight gain; HEI: Healthy eating index; NFG: Norwegian food-based 
guidelines; NNR: Nordic Nutrition Recommendations; MoBa: The Norwegian 
Mother and Child Cohort Study; MUFA: Monounsaturated fatty acids; 
PUFA: Polyunsaturated fatty acids; SFA: Saturated fatty acids; TFA: Trans fatty 
acids. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

AvR analysed the data and wrote the manuscript, LL was responsible for 
conception of the analysis, ALB, MH and HMM contributed to acquisition of 
the data and study design, all authors contributed to interpretation of the 
data, critical review and final approval of the manuscript. 

Acknowledgements 

The Norwegian Mother and Child Cohort Study is supported by the 
Norwegian Ministry of Health and the Ministry of Education and Research, 
NIH/NIEHS (contract no N01-ES-75558), NIH/NINDS (grant no.1 U01 NS 
047537-01 and grant no. 2 U01 NS047537-06A1), and the Norwegian 
Research Council/FUGE (grant no. 151918/S10). We are grateful to all the 
participating families in Norway who take part in this ongoing cohort study. 
The first author's research was supported by grants from the Swedish 
Council on Working Life and Social Research, FAS (grant no. 2008-0728). 

Author details 

department of Public Health and Community Medicine, University of 
Gothenburg, Gothenburg, Sweden. 2 Division of Environmental Medicine, 
Norwegian Institute of Public Health, Oslo, Norway, department of Internal 
Medicine and Clinical Nutrition, University of Gothenburg, Gothenburg, 
Sweden. 

Received: 24 April 2013 Accepted: 21 January 2014 
Published: 24 January 2014 

References 

1. Nehring I, Lehmann S, von Kries R: Gestational weight gain in accordance 
to the IOM/NRC criteria and the risk for childhood overweight: 

a meta-analysis. Pediatr Obes 2013, 8(3):21 8-224. 

2. Nehring I, Schmoll S, Beyerlein A, Hauner H, von Kries R: Gestational weight 
gain and long-term postpartum weight retention: a meta-analysis. Am J 
ClinNutr 2011,94(5):! 225-1 231. 



von Ruesten et al. BMC Public Health 2014, 14:75 
http://www.biomedcentral.com/1471-2458/14/75 



Page 12 of 12 



3. Linne Y, Dye L, Barkeling B, Rossner S: Weight development over time in 
parous women-the SPAWN study-15 years follow-up. Int J Obes Relat 
Metab Disord 2003, 27(1 2):1 51 6-1 522. 

4. Maddah M, Nikooyeh B: Weight retention from early pregnancy to three 
years postpartum: a study in Iranian women. Midwifery 2009, 25(6):731 -737. 

5. Davis E, Olson C: Obesity in pregnancy. Prim Care 2009, 36(2):341 -356. 

6. Gunderson EP: Childbearing and obesity in women: weight before, 
during, and after pregnancy. Obstet Gynecol Clin North Am 2009, 
36(2)317-332. ix. 

7. Melzer K, Schutz Y: Pre-pregnancy and pregnancy predictors of obesity. 

Int J Obes (Lond) 2010, 34(Suppl 2):S44-S52. 

8. World Health Organization: Obesity: preventing and managing the global 
epidemic, Report of a WHO Consultation. WHO Technical Report Series No. 
894. Geneva: World Health Organisation; 2000. 

9. Thangaratinam S, Rogozinska E, Jolly K, Glinkowski S, Roseboom T, 
Tomlinson JW, Kunz R, Mo I BW, Coo ma rasa my A, Khan KS: Effects of 
interventions in pregnancy on maternal weight and obstetric outcomes: 
meta-analysis of randomised evidence. BMJ 2012, 344:e2088. 

10. Tanentsapf I, Heitmann BL, Adegboye AR: Systematic review of clinical 
trials on dietary interventions to prevent excessive weight gain during 
pregnancy among normal weight, overweight and obese women. 
BMC Pregnancy Childbirth 201 1, 1 1:81. 

11. Thangaratinam S, Rogozinska E, Jolly K, Glinkowski S, Duda W, Borowiack E, 
Roseboom T, Tomlinson J, Walczak J, Kunz R: Interventions to reduce or 
prevent obesity in pregnant women: a systematic review. Health Technol 
Assess 2012, 16(31):iii-iv. 1-191. 

12. Bertz F, Brekke HK, Ellegard L, Rasmussen KM, Wennergren M, Winkvist A: 
Diet and exercise weight-loss trial in lactating overweight and obese 
women. Am J Clin Nutr 201 2, 96(4):698-705. 

13. von Kries R, Nehring I: Reproductive endocrinology: reducing gestational 
weight gain-a panacea? Nat Rev Endocrinol 2012, 8(8):452-454. 

14. Martins AP, Benicio MH: Influence of dietary intake during gestation on 
postpartum weight retention. Rev Saude Publico 201 1, 45(5):870-877. 

15. Ohlin A, Rossner S: Trends in eating patterns, physical activity and socio- 
demographic factors in relation to postpartum body weight development. 
Br J A/utr 1994, 71 (4):45 7-470. 

16. Magnus P, Irgens LM, Haug K, Nystad W, Skjaerven R, Stoltenberg C: Cohort 
profile: the Norwegian Mother and Child Cohort Study (MoBa). Int J 
Epidemiol 2006, 35(5):1 146-1 150. 

1 7. Meltzer HM, Brantsaeter AL, Ydersbond TA, Alexander J, Haugen M: 
Methodological challenges when monitoring the diet of pregnant 
women in a large study: experiences from the Norwegian Mother and 
Child Cohort Study (MoBa). Matern Child Nutr 2008, 4(1 ):1 4-27. 

18. Brantsaeter AL, Haugen M, Alexander J, Meltzer HM: Validity of a new food 
frequency questionnaire for pregnant women in the Norwegian Mother 
and Child Cohort Study (MoBa). Matern Child Nutr 2008, 4(1):28-43. 

19. Brantsaeter AL, Haugen M, Rasmussen SE, Alexander J, Samuelsen SO, 
Meltzer HM: Urine flavonoids and plasma carotenoids in the validation of 
fruit, vegetable and tea intake during pregnancy in the Norwegian Mother 
and Child Cohort Study (MoBa). Public Health Nutr 2007, 1 0(8):838-847. 

20. Brantsaeter AL, Haugen M, Julshamn K, Alexander J, Meltzer HM: Evaluation 
of urinary iodine excretion as a biomarker for intake of milk and dairy 
products in pregnant women in the Norwegian Mother and Child 
Cohort Study (MoBa). Eur J Clin Nutr 2009, 63(3):347-354. 

21 . Kostrad for a fremme folkehelsen og forebygge kroniske sykdommer. Metodologi 
og vitenskapelig kunnskapsgrunnlag. Nasjonalt rad for erndsring 201 1 
[Norwegian]. Oslo: Norsk Helsedirektorat; 201 1:315. http://helsedirektoratet.no/ 
publikasjoner/kostrad-for-a-fremme-folkehelsen-og-forebygge-kroniske- 
sykdommer/Publikasjoner/kostrad-for-a-fremme-folkehelsen-201 1.pdf. 

22. Kostrad for a fremme folkehelsen og forebygge kroniske sykdommer. Metodologi 
og vitenskapelig kunnskapsgrunnlag. Nasjonalt rad for erndsring 201 1 
[Norwegian]. Oslo: Norsk Helsedirektorat; 201 1:60. http://helsedirektoratet.no/ 
publikasjoner/kostrad-for-a-fremme-folkehelsen-og-forebygge-kroniske- 
sykdommer/Publikasjoner/kostrad-for-a-fremme-folkehelsen-201 1.pdf. 

23. norden (Ed): Nordic Nutrition Recommendations 2004. Integrating Nutrition 
And Physical Activity. 4th edition. Copenhagen: Nordic Council of Ministers; 
2004. 

24. 5th edition of Nordic Nutrition Recommendations (2012). Integrating Nutrition 
And Physical Activity, [www.nnr5.org], last access: March 2013. 

25. Kennedy ET, Ohls J, Carlson S, Fleming K: The healthy eating index: design 
and applications. J Am Diet Assoc 1 995, 95(1 0):1 1 03-1 1 08. 



26. Kennedy E: Putting the pyramid into action: the healthy eating index and 
food quality score. Asia PacJClin Nutr 2008, 17(Suppl 1):70-74. 

27. von Ruesten A, Miner AK, Buijsse B, Heidemann C, Boeing H: Adherence to 
recommendations of the German food pyramid and risk of chronic 
diseases: results from the EPIC-Potsdam study. Eur J Clin Nutr 2010, 
64(11):1251-1259. 

28. Rasmussen KM, Yaktine AL (Eds): Weight Gain During Pregnancy: Reexamining 
the Guidelines. Washington, DC: National Academy Press; 2009. 

29. Gao SK, Beresford SA, Frank LL, Schreiner PJ, Burke GL, Fitzpatrick AL: 
Modifications to the healthy eating index and its ability to predict 
obesity: the multi-ethnic study of atherosclerosis. Am J Clin Nutr 2008, 
88(1):64-69. 

30. Kesse-Guyot E, Castetbon K, Estaquio C, Czernichow S, Galan P, Hercberg S: 
Association between the French nutritional guideline-based score and 
6-year anthropometric changes in a French middle-aged adult cohort. 
Am J Epidemiol 2009, 170(6)757-765. 

31. Zamora D, Gordon-Larsen P, Jacobs DR Jr, Popkin BM: Diet quality and 
weight gain among black and white young adults: the Coronary Artery 
Risk Development in Young Adults (CARDIA) Study (1985-2005). Am J 
Clin Nutr im, 92(4):784-793. 

32. Oken E, Taveras EM, Popoola FA, Rich-Edwards JW, Gillman MW: Television, 
walking, and diet: associations with postpartum weight retention. Am J 
Prev Med 2007, 32(4)305-31 1 . 

33. Ostbye T, Peterson BL, Krause KM, Swamy GK, Lovelady CA: Predictors of 
postpartum weight change among overweight and obese women: 
results from the active mothers postpartum study. J Womens Health 
(Larchmt) 2012, 21 (2):2 15-222. 

34. Boghossian NS, Yeung EH, Lipsky LM, Poon AK, Albert PS: Dietary patterns 
in association with postpartum weight retention. Am J Clin Nutr 2013, 
97(6):1 338-1 345. 

35. Stendell-Hollis NR, Thompson PA, West JL, Wertheim BC, Thomson CA: A 
comparison of Mediterranean-style and MyPyramid diets on weight loss 
and inflammatory biomarkers in postpartum breastfeeding women. 

J Womens Health (Larchmt) 2013, 22(1)48-57. 

36. Nilsen RM, Vollset SE, Gjessing HK, Skjaerven R, Melve KK, Schreuder P, 
Alsaker ER, Haug K, Daltveit AK, Magnus P: Self-selection and bias in a 
large prospective pregnancy cohort in Norway. Paediatr Perinat Epidemiol 
2009, 23(6):597-608. 

37. Moran LJ, Sui Z, Cramp CS, Dodd JM: A decrease in diet quality occurs 
during pregnancy in overweight and obese women which is maintained 
post-partum. Int J Obes (Lond) 2012 [Epub ahead of print]. 

38. Olafsdottir AS, Thorsdottir I, Gunnarsdottir I, Thorgeirsdottir H, 
Steingrimsdottir L: Comparison of women's diet assessed by FFQs and 
24-hour recalls with and without underreporters: associations with 
biomarkers. Ann Nutr Metab 2006, 50(5)450-460. 

39. Brandhagen M, Lissner L, Brantsaeter AL, Meltzer HM, Haggkvist AP, Haugen M, 
Winkvist A: Breast-feeding in relation to weight retention up to 36 
months postpartum in the Norwegian Mother and Child Cohort 
Study: modification by socio-economic status? Public Health Nutr 
2013:1-10. Epub ahead of print]. 



doi:1 0.1 1 86/1 471 -2458-1 4-75 

Cite this article as: von Ruesten et al.: Adherence of pregnant women to 
Nordic dietary guidelines in relation to postpartum weight retention: 
results from the Norwegian Mother and Child Cohort Study. BMC 

Public Health 201 4 14:75. 



